The volatile oils obtained from the leaves and flowers of the Croatian endemic plant Centaurea ragusina L. were evaluated for antimicrobial activity. The chemical compositions, determined by GC and GC-MS, were complex, with sesquiterpenes the most abundant class of compound. Nonterpene hydrocarbons were also identified in high quantities, while acids and ketones were found in high quantities only in the leaf volatile oil. Aldehydes, alcohols, esters and other compounds were identified in lower quantities.
Centaurea L. is a large genus in the Asteraceae family, with over 500 species widespread across the world. Some species are cultivated for spice, as ornamental plants, and in gardens. Among them, C. ragusina L. (Dubrovnik cornflower or dusty miller) is a rare Croatian endemic species with a very limited geographical range. Populations of C. ragusina grow in the gaps of the vertical limestone cliffs along the coast and on some islands of the Adriatic Sea. It is a perennial, flowering plant, with bright yellow flower heads. According to the Red Data Book of Croatian plants, the conservation status of C. ragusina is endangered. There is no previous report or publication on the phytochemical constituents of C. ragusina and its antimicrobial effects.
Centaurea species produce a vast array of secondary metabolites belonging to different classes of bioactive compounds [1a-c] , and have a wide spectrum of application and an extensive range of traditional usage. The leaves and flowers of Centaurea plants are frequently used in prevention and therapy of various infectious diseases, as well as for health disorders [2a-c] . Phytochemical investigations of different Centaurea species has been the subject of several research groups [1a,2d,3a,b] .
With the knowledge of these biological effects as our starting point, we searched for a possible in vitro antimicrobial activity of C. ragusina volatile oils obtained from leaves and flowers. The present study was designed to examine the activity of these volatile oils against pathogenic and spoilage bacterial strains and the opportunistic yeast Candida albicans, as well as against some filamentous fungi. The analysis of the volatile oils revealed 94 compounds (Table 1 ) separated into ten classes. Sesquiterpenes represented the most abundant class of compounds in the flower and leaf volatile oils of C. ragusina (66.6% and 38.6% respectively). Nonterpene hydrocarbon compounds were also identified in high quantities (12.2% and 21.3%, respectively). Nonterpene acids and ketones were found in high quantities only in the leaf volatile oil (11.5% and 10.3%, respectively). Aldehydes, alcohols, esters and other compounds were identified in lower quantities. The sesquiterpene hydrocarbons germacrene D and -muurolene were the most abundant compounds of C. ragusina flowers, which made up 17.1% and 9.1%, respectively. β-Caryophyllene and isospathulenol were also identified in significant quantities (6.6% and 4.8%, respectively), as well as tetracosane (4.9%) and cycloocta-1,3-diene (4.6%). Other compounds were detected in quantities less than 4%. In contrast, cycloocta-1,3-diene, octadec-9enoic acid and acetophenone were the most abundant compounds of C. ragusina leaf volatile oil (13.6%, 10.6% and 10.3%, respectively), while the sesquiterpenes isospathulenol (7.6%), β-selinene (5.0%) and germacrene D (4.3%) were detected in lower, but significant quantities. Other compounds were found in quantities less than 3.2%.
Sesquiterpene hydrocarbons, and germacrene D in particular, are the dominant compounds reported for the volatile oils of several Centaurea species [3c,3d,4-7,8a] . Octadec-9-enoic acid, which was present in high quantities in the leaf volatile oil (10.6%), was previously detected in C. pannonica and C. jacea essential oils. It The in vitro antimicrobial activities of the volatile oils obtained from the leaves and flowers of C. ragusina were qualitatively and quantitatively assessed by the disc diffusion and microdilution assays against 11 microbial strains. According to the results ( Volatile oil extraction: Fresh plant material (100 g) and 500 mL of water were placed in a Clevenger type apparatus. The volatile oils were isolated by hydrodistillation for 3 h. The obtained oils were separated, dried over anhydrous sodium sulfate and stored under argon in a sealed vial, at -20°C before usage.
Gas chromatography (GC) and gas chromatography-mass spectrometry (GC-MS) analyses: Gas chromatography analyses
were performed on an Agilent Technologies (Palo Alto, CA, USA) gas chromatograph, model 7890A, equipped with a flame ionization detector, mass selective detector, model 5975C and an Agilent J&W HP-5MS ((5%-phenyl)-methylpolysiloxane capillary) GC column 30 m, 0.25 mm i.d., coating thickness 0.25 μm). Chromatographic conditions were as follows: helium was carrier gas at 1 mL/min, injector temperature was 250°C, and FID detector temperature was 300°C. The HP-5MS column temperature was programmed at 70°C isothermal for 2 min, and then increased to 200ºC at a rate of 3°C min −1 and held isothermal for 18 min. The injected volume was 1 μL and the split ratio was 1:50. MS conditions were: ionization voltage 70 eV; ion source temperature 230°C; mass scan range: 30-300 mass units. The analyses were carried out in duplicate. The individual peaks were identified by comparing their linear retention indices (relative to C 9 -C 25 n-alkanes) to those of authentic samples and literature data [11a] , as well as by comparing their mass spectra with the Wiley 6.0 library and NIST98 (National Institute of Standards and Technology, Gaithersburg) mass spectral databases.
Determination of antimicrobial activity:
The volatile oils obtained from leaves and flowers of C. ragusina were individually tested for their antimicrobial activities. The tested microorganisms were obtained from the culture collection at the American Type Culture Collection (ATCC) (Rockville, MD, USA) and at the Microbiology laboratory, University of Split, Croatia (FNSST solution of volatile oils, equivalent to a final concentration of 250 µg/disc and then placed on the nutrient agar that had been previously inoculated with the target microbial strains. The plates were incubated for 24 h at 37 o C for bacterial strains and 48 h or 72 h at 30 o C for yeast and mold isolates, respectively. Antibacterial activity was assessed by measuring the diameter of the inhibition zone in mm. Samples were assayed in triplicate for each condition and the diameter of inhibition zones were presented as means ± SD values.
Minimum inhibitory concentration assay:
In addition, antimicrobial activities of volatile oils were tested by a broth microdilution assay, as described by the Clinical and Laboratory Standards Institute [11b], for the assessment of the minimum inhibitory concentrations (MICs). Bacteria and fungi were grown overnight in Mueller-Hilton broth (MHB) at 37°C and Sabouraud dextrose broth (SDB) at 30°C to the stationary phase. The microbial cultures were diluted in fresh MHB and SDB to a final concentration of 1x 10 6 cfu/mL for bacteria and 1x 10 4 cfu/mL for fungal strains. In order to facilitate the dispersion of the oils in the aqueous nutrient medium, it was previously dissolved in 96% ethanol to the highest concentration of 10 mg/mL. The stock solution was then serially two fold diluted to obtain concentrations ranging from 2-1024 µg/mL in sterile plates containing Mueller Hinton broth (MHB) for bacteria, as well as Sabouraud dextrose broth (SDB) for the fungi. Serial dilutions of the volatile oils were added to the microtiter plates in a volume of 100 µL. Each well was additionally inoculated with 100 µL of inoculums of the target microorganism and incubated at 37 o C for 18-24 h for bacterial and at 30 o C for 48 h for fungal strains. The MIC value was determined as the lowest concentration of the sample at which the tested microorganisms did not demonstrate any visible growth after incubation. As an indicator of bacterial growth, 50 μL of 0.2 mg/mL p-iodonitrotetrazoliumchloride (INT; Sigma-Aldrich Co. Ltd., Poole, UK) was added to the wells and incubated at 37°C for 30 min. Following addition of INT and incubation, the MIC was determined as the lowest sample concentration at which no pink color appeared.
